embryos to egg cooling and egg turning were examined. Nineteen late-stage, prepipping embryos were twice subjected to 10 min of egg cooling and 10 min of normal incubation temperatures. Experimentally cooled embryos vocalized more than embryos exposed to normal incubation temperatures. Cooled embryos produced more bouts of calls and fewer calls per bout than when exposed to normal incubation temperatures. Intercall intervals within bouts did not differ between warm and cold periods. Results of the egg-cooling experiment support the "care-soliciting signal" hypothesis. In a separate paired experiment, embryos vocalized more when turned than when at rest. Because grebe nests are composed of sodden materials, embryos that are about to hatch may signal their parents to turn the eggs, because positioning a pipped egg upside down may suffocate the embryo. Also, prepipped embryos may vocalize more frequently when turned as a signal to their parents that they are viable and will soon hatch. Eared Grebe embryonic vocalizations probably are multifunctional, with care-soliciting being one of their functions. 
A second possible function for embryonic vocalizations is parent-offspring recognition. Tschanz (1968) and Impekoven (1973) noted that incubating parents would rise, poke at the eggs, and call in response to embryonic vocalizations, and embryos sometimes would vocalize in response to parental vocalizations. They suggested that some form of parent-embryo communication was occurring. Tschanz (1968) experimentally demonstrated that Common Murre (Uria aalge) embryos were capable of learning their parents' vocalizations. In a more recent study, Van Kampen and Bolhuis (1991) determined that young chickens developed a stronger affinity for an auditory stimulus to which they had been previously exposed if a visual model was also present. Van 
Vocalizations produced by incubating Eared
Grebes include an advertising call, a nest defense call, a soft vocalization produced during exchange of incubation duties, and a food call. These calls are infrequent during incubation and are not given in response to embryonic vocalizations. Thus, there may be limited opportunities for vocal parent-offspring recognition. Buitron and Nuechterlein (1993) reported that newly hatched Eared Grebes responded readily to playbacks of food calls recorded from other parents. Their findings suggest little if any individual recognition of the food call by young. Most studies on birds have reported that parents do not recognize their offspring until there is some selective advantage to do so, such as when the broods begin to mix (Beer 1980). Because Eared Grebe chicks climb onto the back of the attending adult at hatching and are backbrooded and fed there for 10 to 12 days, there may be no immediate need for parent-offspring recognition by voice. After the back-brooding period, however, the young are free swimming, and parent-offspring recognition is likely.
Another possible function of embryonic vocalizations is parental acceptance of newly hatched young. Beer (1966) reported that Blackheaded Gulls (Larus ridibundus) incubating vocalizing, pipped eggs were likely to accept chicks added to the nest, whereas adults incubating nonpipped eggs were likely to be more aggressive. Impekoven (1976) reported similar resuits for Laughing Gulls (Larus atricilla). In Eared Grebes, stray chicks that come too close or try to climb onto nests usually are rejected (Brua pers. obs.). However, when peeping eggs or newly hatched young are in their nest, newly hatched chicks are often accepted (G. Nuechterlein and D. Buitron pers. obs.).
In some species, the respiratory movements of the embryo produce clicking sounds that are distinct from peeping (Driver 1965, 1967; Forsythe 1971). Clicking sounds have been shown to synchronize the hatching of precocial species, either by older embryos accelerating the hatching of younger ones, or younger embryos retarding the hatching of older ones (Vince 1964 (Vince , 1966 (Vince , 1968 . Grebe young hatch asynchronously, however, and Driver (1967) reported that Pied-billed Grebe embryos do not produce a clicking sound. Also, clicking sounds are unreported in Eared Grebes. Schwagmeyer et al. (1991) demonstrated in a laboratory experiment that hatching intervals in Glaucous-winged Gulls (Larus glaucescens) could be shortened between the second and third egg of a three-egg clutch if the eggs were incubated in contact with each other compared with clutches in which eggs were incubated 10 cm apart. However, hatching intervals were not reduced in a concomitant field experiment. Evans (1988) proposed the novel hypothesis that embryonic vocalizations in American White Pelicans (Pelecanus erythrorhynchos) act as "caresoliciting signals" in response to parental neglect during the period of asynchronous hatching. When parental behavior shifts from incubation to brooding, the remaining eggs are often subjected to lower and more variable incubation temperatures (Evans 1989 (Evans , 1990a . By vocalizing, embryos may induce the attending parent to take corrective measures to restore normal incubation temperatures (Evans 1988 (Evans , 1989 .
In this study, we used nearly hatched Eared Grebe embryos to test Evans' hypothesis that embryonic vocalizations are given in response to adverse incubation conditions. Hatching in Eared Grebes is strongly asynchronous, embryonic vocalizations are well developed, and unincubated eggs cool rapidly in the sodden floating nests. Our first experiment measured the vocal response of Eared Grebe embryos to egg cooling. We tested the following specific predictions: (1) embryos exposed to egg cooling will call more frequently than embryos exposed to normal incubation temperatures; and (2) embryos subjected to egg cooling will peep sooner than embryos held at normal incubation temperatures. The second experiment evaluated whether embryos vocalize in response to egg turning. The two main proposed functions of egg turning in birds (see Drent 1973 Drent , 1975 The control (warm-water) treatment contained 37øC water, the same temperature as the incubator. The cooling (cold-water) treatment contained 16øC water, a common ambient temperature during incubation. Eggs were allowed a 10-rain acclimation period using 37øC water. The acclimation period was followed by We examined the vocalizations emitted during the last 5 min of the first warm and first cold periods for statistical differences. We used only the last halves of these periods to avoid sampling transition periods between treatment temperatures. For each embryo, we compared the mean intercall interval, the mean number of calls per bout (bout length), and the total number of bouts occurring during the warm and cold periods using a Wilcoxon matched-pairs signed-ranks test (Daniel 1990). We used nearest-neighbor analysis to measure intercall intervals. Here, we define bout length as the number of calls given in a series, with each call being separated by no more than 1.6 s ( Pelican embryos also emitted more calls per bout when the eggs were exposed than did covered embryos. In our experiments, Eared Grebe embryos detected rapidly any temperature changes and vocalized in response to them. The overall vocalization rate of Eared Grebe embryos nearly doubled during the cold-water treatments, but bouts became more disjunct, and chilled embryos produced significantly fewer calls per bout. American White Pelican embryos communicated their thermal status to their parents, and the parents often responded so that the thermal environment of the embryos improved (Evans 1990e, 1992 . A system similar to that of American White Pelicans may exist for Eared Grebes, although this has not been tested experimentally.
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